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(57) Abstract 

A device (60) for pulsed delivery of inhaled nitric oxide (NO) (68) to a spontaneously brcatfiing patient The device (60) delivers NO 
(68), e.g.. through a nasal cannula (81), only during the inspiratory phase of the breathing cycle. The device (60) automatically executes a 
purge cycle when it is initially activated and when the time between brcath-U-iggcred NO pulses reaches a predetermined time limit The 
purge cycle protects the patient from exposure to NO2 that otherwise would accumulate in the fluid lines (80) from reaction of static NO 
with oxygen in the air. 
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NASAL DELIVERY SYSTEM FOR INHALED NITRIC OXIDE 
Background of the Invention 
There is growing interest in the use of inhaled 
5 nitric oxide (NO) to treat various conditions 

characterized by pulmonary hypertension or hypoxemia, 
Clinical use of inhaled NO began in the early 1990s. To 
date, inhaled NO has been administered primarily to 
critically ill, intubated, mechanically ventilated 
10 patients. Recently, it has become recognized that 

inhaled NO is also useful for treatment of spontaneously 
breathing patients such as cardiac surgery patients, 
organ transplant patients, and patients with pulmonary 
hypertension or sickle cell disease. 
15 Systems for delivering inhaled NO to spontaneously 

breathing patients have been described (Wessel et al., 
1994, Crit. Care. Med. 22:930), Inhaled NO has been 
delivered to spontaneously breathing patients through a 
nasal' cannula (Yoshida et al., 1997, Am. J. Respir. Crit, 
20 Care Med. 155:526). In some cases, NO delivery through a 
nasal cannula has been pulsed delivery (Channick et al., 
1996, Chest 109:1545) . 

In a normal human breathing pattern, about one 
third of the time consists of inspiration (inhalation) , 
25 and about two thirds of the time consists of expiration 
(exhalation) . Thus, in a continuous flow nasal cannula 
system, at least two thirds of the gas flowing from the 
source, e.g., a portable gas cylinder, is wasted. The 
basic concept of a pulsed dosage system is to deliver the 
30 therapeutic gas, e.g., oxygen or NO, only during the 
inspiratory phase of the breathing cycle. 

By conserving gas, a pulsed dosage system reduces 
NO costs. It also increases the lifetime of an NO source 
(gas cylinder) , or decreases cylinder size. The latter 
35 two considerations are particularly important in home- 
care systems and portable systems for ambulatory 
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patients. The mixture of NO and nitrogen administered 
from a nasal cannula system contains no moisture,, .and can 
cause discomfort from a drying effect on nasal membrane 
tissue. Thus, an additional benefit of a pulsed dosage 
5 system is reduced drying of nasal tissues. This 
increases patient comfort and improves patient 
compliance. 

NO is an unstable, diatomic, highly lipophilic 
free radical. NO reacts rapidly with molecular oxygen 

10 (O2) to produce nitrogen dioxide (NOj) , which is toxic at 
low levels, OSHA has set exposure limits for NOj at 5 
ppm. Animal studies have shown altered surfactant 
hysteresis and produced alveolar cell hyperplasia, 
changes in the epithelium of the terminal bronchiole, and 

15 loss of cilia at inhaled NO2 concentrations as low as 2 
ppm (Evans et al., 1972, Arch. Environ. Health 24:180; 
Stephens et al., 1972, Arch. Environ. Health 24:160. In 
humans, 2.3 ppm NOj has been shown to affect alveolar 
permeability (Rasmussen et al., 1992, Am. Rev. Respir. 

20 Dis. 146:654). Increased airway reactivity in humans has 
been found at inhaled NOj concentrations below 2 ppm 
(Bylin et al., 1988, Bur. Respir. J. 1:606; Morrow et 
al., 1992, Am. Rev. Respir. Dis. 145:291; Stephens et 
al . , supra) . 

25 NO is typically manufactured from the reaction of 

sulfur dioxide with nitric acid (Body et al., 1995, J. 
Cardiothorac. Vase. Anesth. 9:748). Alternatively, it 
can be produced by reacting sodium nitrite and sulfuric 
acid (Young et al., 1996, Intensive Care Med. 22:77) or 

30 by the oxidation of ammonia over a platinum catalyst at 
high temperatures (Body et al., supra). Following its 
production, NO is mixed with nitrogen gas (Nj) to obtain 
the desired NO concentration. The NO/Nj mixture is placed 
into specially prepared, aluminum alloy cylinders. For 

35 medical applications, cylinders typically contain 400 to 
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800 ppm NO (Hess et al . , supra) . In an NO cylinder, the 
NO2 concentration is normally less than 2% of the NO 
concentration. 

Summary of the Invention 
5 The invention features a device for pulsed 

delivery of inhaled nitric oxide to a spontaneously 
breathing patient. The device includes a valve having a 
first, a second, and a third port. The first port is 
selectively communicable with the second port or the 

10 third port. The device also includes a pressure sensor 
in fluid communication with the third port, A valve 
controller is responsive to the pressure sensor. The 
valve controller selectively connects the first port to 
the to the second port when a negative pressure event is 

15 sensed, maintains the connection for at least a portion 
of the negative pressure event duration, and reconnects 
the first port to the third port after a predetermined 
pulse time. A monitor operably linked to the valve 
controller measures the duration of connection between 

20 the first port and third port, and signals the valve 
controller to selectively connect the first port to the 
second port for a predetermined purge time when the 
duration of connection between the first port and third 
port exceeds a predetermined flow-off time, and then 

25 signals the valve controller to reconnect the first port 
to the third port. The monitor and automatic purge cycle 
advantageously protect the patient from exposure to NO2 
which otherwise would accumulate in fluid lines during an 
extended period in which NO/nitrogen does not flow. 

30 The device can include a means for inactivation 

when not in use, e.g., an on/off switch, and a means for 
triggering the valve controller to selectively connect 
the first port to the second port for a predetermined 
purge time whenever the device undergoes start-up 
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following a state of inactivation. This feature 
advantageously protects the patient from exposure to NO2 
accumulated in the fluid lines, when the patient 
initiates use of the device after the device has been 
5 turned off. 

The purge time is preselected to provide a purge 
volume of 1 to 5 dead space volumes, preferably from 2 to 
4 dead space volumes, and most preferably about 3 dead 
space volumes. 

10 The device can also include an alarm operably 

connected to the monitor. The alarm provides a visual or 
audible indication whenever the duration of connection 
between the first port and third port exceeds a 
predetermined flow-off time, i.e., when the pressure 

15 sensor fails to detect inspiration by the patient. The 
alarm alerts the patient and/or a caretaker that 
pulsatile delivery of NO has not occurred for a 
preselected time, e.g., 15 seconds, 30 seconds, or 45 
seconds . 

20 The device can also include a purge cycle 

indicator that provides a continuous visual or audible 
indication that begins whenever a purge cycle begins, 
continues throughout the purge cycle, and ends when the 
purge cycle ends. This indicator warns the patient or 

25 caretaker when to wait for NOj to be purged from the 
system, and when it is safe to begin use of the device. 

The invention also includes a dual delivery device 
for separate, concurrent, pulsed delivery of inhaled 
nitric oxide and pulsed delivery of oxygen through a 

30 split nasal cannula to a spontaneously breathing patient. 
NO is delivered through one side of the split cannula, 
and oxygen is delivered independently through the other 
side of the split cannula. 

The NO portion of the dual delivery device 

35 includes a valve having a first, a second, and a third 
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port. The first port is selectively communicable with 
the second port or the third port. The NO portion of the 
device also includes a pressure sensor in fluid 
communication with the third port, and a valve controller 
5 responsive to the pressure sensor. The valve controller 
selectively connects the first port to the to the second 
port when a negative pressure event is sensed, maintains 
the connection for at least a portion of the negative 
pressure event duration, and reconnects the first port to 

10 the third port after a predetermined NO pulse time. A 
monitor operably linked to the valve controller measures 
the duration of connection between the first port and 
third port, and signals the valve controller to 
selectively connect the first port to the second port -for 

15 a predetermined purge time when the duration of 

connection between the first port and third port exceeds 
a predetermined flow-off time. The monitor then signals 
the valve controller to reconnect the first port to the 
third port. 

20 The dual delivery device also includes a pulsed 

oxygen delivery system that includes a valve having a 
first, a second, and a third port. The first port is 
selectively communicable with the second port or the 
third port. The oxygen portion of the dual delivery 

25 device also includes a pressure sensor in fluid 

communication with the third port, and a valve controller 
responsive to the pressure sensor. The valve controller 
selectively connects the first port to the to the second 
port when a negative pressure event is sensed, maintains 

30 the connection for at least a portion of the negative 

pressure event duration, and reconnects the first port to 
the third port after a predetermined oxygen pulse time. 

The oxygen portion of the dual delivery device can 
also include a monitor operably linked to the valve 

35 controller. The monitor measures the duration of 
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connection between the first port and third port; and an 
alarm indicator operably linked to the monitor so that an 
oxygen pulse "fail" alarm indication results when the 
monitor detects a duration of connection between the 
5 first port and third port equal to, or greater than a 
predetermined time limit. This feature alerts the 
patient or caregiver that the desired pulsed oxygen 
delivery is not taking place on the oxygen side of the 
system. 

10 Unless otherwise defined, all technical and 

scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. In case of conflict, 
the present application, including definitions will 

15 control. All publications, patent applications, patents, 
and other references mentioned herein are incorporated by 
reference. 

Although methods and materials similar or 
equivalent to those described herein can be used in the 

20 practice or testing of the present invention, the 

preferred methods and materials are described below. The 
materials, methods, and examples are illustrative only 
and not intended to be limiting. Other features and 
advantages of the invention will be apparent from the 

25 detailed description, and from the claims. 


Brief Description of the Drawings 
FIG. 1 is a block diagram showing the arrangement 
of a valve, valve controller, pressure sensor, monitor,, 
and alarm, in a device according to the invention. 
30 FIG. 2 is a schematic diagram of a purge timing 

circuit useful in a device according to the invention. 
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FIG. 3 is a schematic diagram of purge delay 
circuitry useful in a device according to the invent ion - 
FIG. 4 is a schematic diagram of alarm circuitry 
useful in a device according to the invention. 
5 FIG. 5 is a schematic representation of a device 

for separate, concurrent, pulsed delivery of inhaled NO 
through a split cannula system to a spontaneously 
breathing patient. 

Detailed Description 

10 An embodiment of the invention represented 

schematically in FIG. 1 includes a three-way, two 
position valve 10, such as a solenoid- actuated, spool 
valve. Valve 10 has ports 10a, 10b, and 10c in its bore. 
Port 10a is connected to a line (not shown) so as to be 

15 in fluid communication with a nasal cannula (not. shown) . 
Port 10c is connected to a line (not shown) so as to be 
in fluid communication with a source of NO gas (not 
shown)'. Port 10b is in fluid communication with a 
pressure sensor 20 by means of fluid line 15. The 

20 position of the valve 10 is electrically controlled by a 
valve controller 30. 

When a patient wearing the nasal cannula inhales 
during normal breathing, gas pressure in the cannula 
drops below ambient air pressure. This negative pressure 

25 is transmitted from port 10a through the valve and 

through fluid line 15 to the pressure sensor 20. Upon 
sensing a negative pressure event, the pressure sensor 20 
causes the valve controller 30 to selectively connect 
port 10a to port 10c. In this "flow-on" position, the 

30 valve 10 allows NO gas to flow into the nasal cannula, 
from which the NO gas is delivered into one, or both, of 
the patient's nostrils. 

The valve controller 30 maintains the valve in the 
"flow-on" position for a predetermined "pulse" time. At 
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the end of the pulse time, the valve controller 30 
returns the valve to the "flow-off" position (port 10a 
connected to port 10b) , thereby completing a pulsed dose 
cycle. With the valve returned to the "flow-off" 
5 position, the device is ready for detection of the 

patient's next breath, and repetition of the pulsed dose 
cycle . 

The pressure sensor 20 includes suitable means for 
sensing a negative fluidic pressure applied along line 15 

10 and for generating an electrical signal upon sensing a 
negative pressure event. Suitable means for sensing a 
negative pressure associated with normal breathing 
include a pressure-to-electric (P/E) switch, which can be 
used in. conjunction with a fluid amplifier. In some 

15 embodiments, the pressure sensor 20 includes a pressure 
transducer, e.g., a solid state-type, a capacitance- type, 
or an diaphragm- type (electromechanical) transducer. 

Suitable valves, pressure sensing devices, valve 
controlling devices, and their integrated use for 

20 pulsatile delivery of a gas (oxygen) to a patient are 
described in detail in Durkan et al., U.S. Patent No. 
4,462,398. Prior art teachings with regard to devices 
for pulsatile delivery of oxygen through a nasal cannula 
are generally applicable in. the present invention, except 

25 for possible material compatibility considerations. 

Materials compatible with NO include Teflon®, silicone, 
nickel, aluminum, and stainless steel. In addition, high 
pressure rubber hoses and plastic tubing commonly used 
for oxygen delivery are suitable for use with the NO 

30 concentrations used clinically. 

.The monitor 50 measures the flow-off time, i.e., 
the time during which port 10a of the valve 10 is 
connected to port 10b of the valve 10 . When the valve 10 
remains in the flow-off position for a predetermined time 

35 limit, the monitor 50 electrically signals the valve 
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controller 30 to switch the valve 10 to the flow-on 
position (i.e., port 10a connected to port 10c) for a 
predetermined "purge" time. At the end of the 
predetermined purge time, the valve controller 30 
5 switches the valve 10 back to the flow-off position, thus 
completing a purge cycle. 

As long as the mixture of NO and nitrogen is 
flowing from the source and through the system, air is 
prevented from backing up into the nasal cannula. During 

10 the flow-off time, air begins mixing with residual NO in 
the nasal cannula. Oxygen in the air spontaneously 
reacts with the residual NO in the lines to produce NOj, 
which is toxic. Thus, when the flow-off time reaches a 
predetermined limit, the monitor 50 electrically signals 

15 the valve controller 30 to switch the valve 10 to the 
flow-on position. This causes a predetermined amount of 
gaseous NO/nitrogen ("purge volume") to flow from the 
source (gas cylinder) and through the system, thereby 
purging accumulated NO2 from the valve 10, the cannula, 

20 and any lines between the valve 10 and the cannula. 

Preferably, the purge volume is between 1 and 5 
dead space volumes. More preferably, the purge volume is 
between 2 and 4 dead space volumes, with about 3 dead 
space volumes being most preferred. The dead space 

25 volume is the total volume in the fluid path between port 
10b and the ends of the nasal prongs, which terminate the 
nasal cannula. The dead space volume can be calculated 
readily from the internal dimensions of the components of 
the fluid pathway. The flow rate of the gaseous mixture 

30 of NO/nitrogen will be adjustable and known in terms of 
volume per unit time. Using this information, the 
desired purge volume can be converted to the 
predetermined purge time incorporated in a purge cycle. 
In the embodiment represented by FIG. 1, the 

35 monitor measures the flow-off time indirectly, by means 
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of electrical connections with the valve controller 30. 
In other embodiments, the monitor measures the duration 
indirectly, by means of electrical signals from the 
pressure sensor 20. In yet other embodiments, the 
5 monitor measures the duration directly, by means of a 
connection (electrical or mechanical) with the valve 10. 

In the embodiment depicted in FIG. 1, -the valve 
controller 30 controls the position of the valve 10. The 
valve controller 30 provides an input to the monitor 50 
10 that indicates whether the valve 10 is in the "flow-off" 
position. 10b (logical 1 or high voltage) or the "flow-on" 
position 10c (logical 0 or low voltage) . The monitor 50 
can employ a variety of methods to control the valve 
controller 30 and the alarm 40. These methods include- 
15 microprocessor circuitry or TTL compatible circuitry. As 
an example, a monitor 50 that employs a combination of 
FETs and analog devices is described. 

Referring to FIG. 2, a purge timing circuit has an 
input Vin that represents the flow-off and flow-on 
20 positions of the valve 10. When the valve is in the 
flow-off position, Vin transitions to a high voltage. 
Previous to the transition, the P-channel FETs (Q2, Q3, 
and Q5) were conductive, i.e., on, and the N- channel FET 
Ql was not conductive, i.e., off. When the valve 
25 position changes and Vin transitions from a low to a high 
voltage, the P-channel FETs are turned off and the N- 
channel FET Ql is turned on. Thus, the circuit is no 
longer clamped to ground. Current begins to flow from 
Vdd through Ql and through the RC circuit formed by Rl 
30 and CI. After a time delay defined by the RC time 

constant, the voltage at the gate of Q4 is sufficient to 
turn Q4 on. At this time, current flows from Vdd through 
Q4 and Vpurge goes high. 

When V purge is high, the valve controller 30 
35 changes the position of the valve 10 to the flow-on 
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C 

position and purges the system. Consequently, the value 
of Vin transitions back to "0". The P-channel FETs Q2, 
Q3 and Q5 are on and the N-channel FET Ql is off. 
Because the circuit is clamped to ground, the N-channel 
5 FET Q4 also is off and Vpurge returns to a "0". 

The parameters of the purge timing circuitry are 
chosen to produce a transition at Vpurge after a 
predetermined time delay. For example, Vdd is 5 V; the 
threshold voltages of Ql, Q2, Q3, and Q5 are relatively 

10 low, e.g., IV; the threshold voltage of Q4 is higher, 
e.g., 4.5 V; and the RG time constant of Rl and CI is 
designed to be approximately 15 seconds. Therefore, Q4 
will turn on after approximately 15 seconds because the 
threshold voltage is chosen to be 90% of the supply 

15 voltage Vdd. If Vin is not high for 15 seconds or more, 
the P"Channel FETs Q2, Q3, and Q5 reset the circuit by 
clamping the circuit to groxind and discharging the 
capacitor. 

Referring to the purge delay circuitry of FIG. 3, 
20 when Vpurge is high, the signal Vwait goes high and 

provides a signal to the valve controller that the system 
should purge NO in the lines. The valve 10 moves to the 
"flow-on" position and NO flows through the system. The 
valve 10 (FIG. 1) remains in the flow-on position until 
25 Vwait, a pulse of predetermined duration, transitions 
back to a low state. The purge is also initiated on 
system startup by a power-on pulse which is the second 
input in the three input OR gate. The power on pulse is 
generated only once by a trigger device, known in the 
30 prior art, and ensures that fresh NO is available at 
start up. 

The purge delay circuitry has an RC delay formed 
by R2 and C2 similar to the purge timing circuitry. The 
RC delay is designed to extend the Vwait pulse for the 
35 period required to purge 1 to 5 dead volumes of NO. 
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When Vpurge goes high, P- channel FETs Q7, Q8 and 
QIO turn off and N-channel FET Q8 turns on. C2 begins to 
charge, and the drain of Q6 is connected to the gate of 
Qll. Therefore, N-channel FET Q9 is off; P-channel FET 
5 Q12 is on; and the combination of Qll and Q12 conducts 
current to the gate of N-channel FET Q13 . Because P- 
channel FET Q14 is off, the voltage at Vwait transitions 
to Vdd. Thus, the output transitions high almost 
instantaneously. 

10 Vwait is fed back into the three input OR gate and 

holds the input to the gates of Q6 and Q7 at a high 
level. Thus, when valve 10 moves to the flow-on position 
and Vpurge transitions back to low, Vwait will remain 
high, and the RC circuit will continue to charge 

15 capacitor C2. When the capacitor is charged after a 
period defined by the RC delay of the circuit, Q9 turns 
on, and the gate of Q12 is high. Thus, Q12, a P-channel 
FET, stops conducting and the gates of Q13 and Q14 are 
low. When the gates are at a low voltage, Q13 is off and 

20 Q14 clamps Vwait to ground. When the pulse Vwait 

terminates, the valve controller 30 changes the valve 
position, and the purge timing circuitry again begins to 
monitor for pressure changes. 

Similar to the purge timing circuitry, Q6, Q7, Q8 

25 and QIO of the purge wait circuitry have relatively low 
threshold voltages, e.g., IV, and Q9 has a threshold 
voltage approximately 90% of Vdd. Resistor R3 is a small 
resistor that ensures the full value of Vdd is applied to 
the gates of Q13 and Q14. 

30 The monitor 50 is electrically connected to an 

alarm 40, which indicates when the predetermined flow-off 
time limit has been reached. A flow-off time in excess 
of the predetermined limit can result from various 
causes. For example, the nasal cannula may become 

35 dislodged from the patient's nostrils when the patient 
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moves his/her head while asleep. The alarm 40 includes a 
visual indication such as a flashing light, or an audible 
indication such as a beeping tone, or both. The alarm 
alerts the patient or caretaker (s) , so that the condition 
5 causing cessation of pulsed NO delivery can be promptly 
corrected. Prompt correction is particularly important 
where an NO rebound effect is a concern. NO rebound 
effects include pulmonary hypertension, hypoxemia, and 
heart failure. 

10 Several alarm configurations can be constructed 

from the circuitry in FIGS. 2-4. For example, the output 
Vpurge can be connected to a "Wait" light (FIG. 5) to 
indicate the system is purging. The complement of Vwait 
can be connected to a "Ready" light to indicate the 

15 system has completed purging. Referring to FIG. 4, the 
reset logic is used for an embodiment of the invention 
where the patient, or other person, must reset a "Fail" 
(FIG. 5) light when a purge is performed. The output 
Vpurge is the input into an OR gate OR-1. The output of 

20 OR-1 is fed back as the second input to maintain the 
output Vfail in a high state. Vfail is connected to a 
"Fail" light (not shown) which is illuminated when Vfail 
is high. N-channel FET Q16 resets OR-1 when 
AND-1 provides a low output to the gate of Q16. With 

25 Vpurge low, Q16 causes the second input to OR-1 to go 
low, causing Vfail to go low. 

However, Vfail does not transition to the low 
state until the purge cycle is complete (Vwait is low) 
and the patient resets the fail light (Reset = on) . 

30 These signals are ANDed in AND-1 to detect this state. 
The output of 

AND-1 is used to reset the feedback of OR-1 and OR-2. 
Because Vpurge will transition to a low state before 
Vwait; Vfail will transition low when the feed back loop 
35 is clamped to ground. 
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OR-2 has a feedback loop to ensure that, if the 
fail reset is pressed before the purge cycle is complete, 
the fail light will extinguish when Vwait transitions to 
a low state. With AND-1 at a low state, N-channel FET 
5 Q15 will be off, which keeps OR-2 high. AND-1 will 
remain at a logic low state until Vwait goes low. When 
AND-1 goes high, the OR-2 and OR-1 gates are reset. The 
resistors R4 and R5 are small resistors that prevent the 
clamping FETs Q15 and Q16 from shorting Vdd to ground and 
10 that ensure the input is clamped to ground quickly. The 
circuitry does not generate a fail light on start up when ■ 
the system initially purges, but does generate a wait 
light on start up based on Vwait. 

Preferred embodiments of the invention include a 
15 purge cycle indicator, which is activated at the 

beginning of every purge cycle and deactivated at the end 
of the purge cycle. The indicator can be visual, 
audible, or both. The purge indicator can be a readily 
visible, color-coded light or a liquid crystal display. 
20 Suitable markings for a light that illuminates during the 
purge cycle include "WAIT" and "PURGING." Suitable 
purge-cycle messages for a liquid crystal display include 
"WAIT" and "PURGING." Upon completion of the purge 
cycle, suitable liquid crystal display messages include 
25 "OK" and "READY." 

Preferred embodiments of the invention include 
automatic purging each time the device is connected to a 
power source after having been disconnected- Connection 
and disconnection can be by means of an ordinary on/off 
30 switch, by battery insertion and removal, or by plugging 
and unplugging a power cord. Preferably, a purge cycle 
(discussed above) is triggered whenever an electrical 
circuit in the valve controller 30 energized after having 
been de- energized. 
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Typically, the source of gaseous NO/nitrogen used 
for inhaled NO therapy is a high pressure cylinder, which 
requires an appropriate (pin index safety system or 
diameter index safety system) pressure regulator. A 
5 device according to this invention can be incorporated 
into an integrated unit that includes a pressure 
regulator. Alternatively, the device can be a separate 
unit connected between a conventional NO pressure 
regulator and a conventional nasal cannula. 

10 The device of this invention can be used in 

conjunction with a conventional flow regulator. 
Referring to Fig. 1, the flow regulator (not shown) is 
inserted at a point in the fluid path between a pressure 
regulator (not shown) and port 10c on the valve 10. 

15 Referring to Fig. 1, the NO dosage delivered to 

the patient by the device of this invention can be 
adjusted in any of at least three ways. One way of 
adjusting the dosage is varying the pulse time, i.e., the 
time that the valve 10 is in the flow-on position during 

2 0 a pulsed dose cycle, wherein the flow rate remains 
constant. A second way of adjusting the dosage is 
varying NO/nitrogen flow rate, wherein the pulse time 
remains constant. Flow rate can be adjusted by any 
suitable means, e.g., a manual valve or a proportioning 

25 solenoid. A third way of adjusting the dosage is 

programming the valve controller 30 to move the valve 10 
to the flow-on position on a breath-dependent schedule, 
e.g., every second breath, eveary third breath, or every 
fourth breath. 

30 In therapeutic use of a device of this invention, 

the desired NO dosage will be determined in accordance 
with accepted medical practice, depending on the 
condition being treated and the status of the patient. 
Regardless of the means for adjusting NO dosage, the 

35 NO/nitrogen flow rate during the flow- on phase of the 
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pulsed dose cycle is preferably from 0.25 to 8 liters per 
minute, and more preferably from 1 to 4 liters per 
minute . 

The following equations are useful for obtaining 
5 the desired NO dosage when delivering inhaled NO through 
a nasal cannula system: 

[NO] = (NO flow X source ppm) /total flow 

[NO] in cannula = (desired NO dose x mean 
inspiratory flow) /cannula flow 

10 For additional guidance concerning calculations and 

considerations for inhaled NO delivery systems, see Hess 
et al., 1997, J?esp. Care Clinics of North America 3:371. 

FIG. 5 illustrates selected features of a device 
60 for separate, concurrent, pulsed delivery of inhaled 

15 nitric oxide and pulsed delivery of oxygen through a 
split nasal cannula 80, 81 to a spontaneously breathing 
patient. 

A mixture of NO/nitric oxide flows from an NO 
source, cylinder 68 through a cylinder shutoff valve 65, a 

20 pressure regulator 66, and fluid line 69, into the device 
60. The NO control panel 60a includes an NO main power 
switch 67 and a knob 61 for adjusting NO dosage to the 
desired level. The NO control panel 60a also includes a 
purge cycle indicator light 64, an indicator light that 

25 signals when it is safe for the patient to begin using 
the device 63, and an alarm indicator light 62. 

Oxygen flows from an oxygen source cylinder 78 
through a cylinder shutoff valve 75, a pressure regulator 
76, and fluid line 79, into the device 60. The oxygen 

30 control panel 60b includes an oxygen main power switch 77 
and a knob 71 for adjusting oxygen dosage to the desired 
level. The oxygen control panel 60b includes a first 
light 73, which indicates that pulsed oxygen delivery is 
proceeding without the oxygen flow-off time exceeding the 

35 predetermined limit. The oxygen control panel 60b also 
includes a second light 72, which indicates that pulsed 
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oxygen delivery has failed to occur without exceeding the 
predetermined flow-off time. 


Other embodiments are within the following claims. 
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Claims 

We claim: 

1. A device for pulsed delivery of inhaled nitric 
oxide to a spontaneously breathing patient, comprising: 

5 a valve having a first, a second, and a third 

port, the first port being selectively communicable with 
the second port or the third port; 

a pressure sensor in fluid communication with the 
third port; 

10 a valve controller responsive to the pressure 

sensor, which valve controller selectively connects the 
first port to the to the second port when a negative 
pressure event is sensed, maintains the connection for at 
least a portion of the negative pressure event duration, 

15 and reconnects the first port to the third port after a 
predetermined pulse time; and 

a monitor operably linked to the valve controller, 
which monitor measures the duration of connection between 
the first port and third port, and signals the valve 

20 controller to selectively connect the first port to the 
second port for a predetermined purge time when the 
duration of connection between the first port and third 
port exceeds a predetermined flow-off time, and then 
signals the valve controller to reconnect the first port 

25 to the third port. 

2. The device of claim 1, further comprising a 
means for inactivating the device when not in use, and a 
means for triggering the valve controller to selectively 
connect the first port to the second port for a 

30 predetermined purge time whenever the device undergoes 
start-up following a state of inactivation. 
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3. The device of claim 1, wherein the purge time 
is preselected so as to provide a purge volume of 1 to 5 
dead space volumes. 

4. The device of claim 3, wherein the purge 
5 volume is from 2 to 4 dead space volumes. 

5. The device of claim 1, further comprising an 
alarm operably connected to the monitor, which alarm 
provides a visual or audible indication whenever the 
duration of connection between the first port and third 

10 port exceeds a predetermined flow-off time. 

6. The device of claim 1, further comprising a 
purge cycle indicator that provides a continuous visual 
or audible indication that begins whenever a purge cycle 
begins, continues throughout the purge cycle, and ends 

15 when the purge cycle ends. 

7. A device for separate, concurrent, pulsed 
delivery of inhaled nitric oxide and pulsed delivery of 
oxygen through a split nasal cannula to a spontaneously 
breathing patient, comprising: 

20 a pulsed nitric oxide delivery system comprising: 

a valve having a first, a second, and a 
third port, the first port being selectively 
communicable with the second port or the 
third port; 

25 a pressure sensor in fluid communication 

with the third port; 

a valve controller responsive to the 

pressure sensor, which valve controller 

selectively connects the first port to the to 
30 the second port when a negative pressure 

event is sensed, maintains the connection for 
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at least a portion of the negative pressure 
event duration, and reconnects the first port 
to the third port after a predetermined 
nitric oxide pulse time; and 
5 a monitor operably linked to the valve 

controller, which monitor measures the 
duration of connection between the first port 
and third port, and signals the valve 
controller to selectively connect the first 
0 port to the second port for a predetermined 

purge time when the duration of connection 
between the first port and third port exceeds 
a predetermined flow- off time, and then 
signals the valve controller to reconnisct the 
15 first port to the third port; and 

a pulsed oxygen delivery system comprising: 

a valve having a first, a second, and a 
third port, the first port being selectively 
communicable with the second port or the 
20 third port; 

a pressure sensor in fluid communication 
with the third port; and 

a valve controller responsive to the 
pressure sensor, which valve controller 
25 selectively connects the first port to the to 

the second port when a negative pressure 
event is sensed, maintains the connection for 
at least a portion of the negative pressure 
event duration, and reconnects the first port 
30 to the third port after a predetermined 

oxygen pulse time. 
8. The device of claim 7, further comprising an 
alarm system comprising: 
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a monitor operably linked to the valve controller, 
which monitor measures the duration of connection between 
the first port and third port; and 

an alarm indicator operably linked to the monitor 
5 so that an alarm indication results when the monitor 
detects a duration of connection between the first port 
and third port equal to, or greater than a predetermined 
time limit. 
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